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Abstract

Background Accurately evaluating liver fibrosis in

patients with non-alcoholic fatty liver disease (NAFLD) is

important for identifying those who may develop compli-

cations. The aims of this study were (1) to measure serum

Wisteria floribunda agglutinin-positive Mac-2 binding

protein (WFA?-M2BP) using the glycan sugar chain-based

immunoassay and (2) to compare the results with clinical

assessments of fibrosis.

Methods Serum WFA?-M2BP values were retrospec-

tively evaluated in 289 patients with NAFLD who had

undergone liver biopsy. Histological findings were evalu-

ated by three blinded, experienced liver-specific

pathologists.

Results For stages 0 (n = 35), 1 (n = 113), 2 (n = 49), 3

(n = 41), and 4 (n = 51) of liver fibrosis, the serum

WFA?-M2BP cutoff indexes were 0.57, 0.70, 1.02, 1.57,

and 2.96, respectively. Multivariate regression analysis

showed that serum WFA?-M2BP values were associated

with the stage of fibrosis (Cstage 2). The areas under the

receiver operating characteristic curve (AUROC), sensi-

tivity, and specificity of serum WFA?-M2BP were 0.876,

85.9, and 74.6 %, respectively, for severe fibrosis (Cstage

3) and were 0.879, 74.6, and 87.0 %, respectively, for

cirrhosis. When compared with six non-invasive conven-Electronic supplementary material The online version of this
article (doi:10.1007/s00535-014-1007-2) contains supplementary
material, which is available to authorized users.
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tional markers, serum WFA?-M2BP had the greatest

AUROC for diagnosing severe fibrosis and cirrhosis.

Conclusions Serum WFA?-M2BP values are useful for

assessing the stage of liver fibrosis in patients with

NAFLD.

Keywords Mac-2 binding protein � Glycoprotein �
Non-alcoholic fatty liver disease � Fibrosis marker �
Cirrhosis

Introduction

Non-alcoholic fatty liver disease (NAFLD) is one of the

most common liver diseases worldwide and is recognized

as the hepatic manifestation of metabolic syndrome [1–3].

NAFLD can be classified as simple steatosis or non-

alcoholic steatohepatitis (NASH), a progressive form of

chronic liver disease (CLD), resulting in cirrhosis, hepatic

failure, and hepatocellular carcinoma. Accurately evalu-

ating liver fibrosis in NAFLD patients is important for

identifying those who may progress to severe clinical

conditions such as liver cirrhosis and hepatocellular car-

cinoma [4–7]. Liver biopsies are the gold standard for

diagnosing NASH and associated liver fibrosis [8].

However, there is controversy surrounding the active use

of liver biopsies for these purposes, because they have

several drawbacks [9, 10]. A liver biopsy is highly costly

and invasive with rare but potentially life-threatening

complications [11]. In addition, sampling errors may

occur, because a standard liver biopsy sample represents

only 1/50,000 of the whole liver [12]. Furthermore, inter-

and intra-observer variability also poses serious problems

for the pathological diagnosis of NAFLD [13–17].

Accordingly, there is an urgent need for a non-invasive

method for estimating the stage of liver fibrosis in NA-

FLD patients. Several methods using serum markers [18,

19], scoring systems [20–23], and imaging techniques,

such as transient elastography [24–26], have been

developed. Although each method has been reported as

useful, few have been independently validated. Several

problems also remain unaddressed, such as the methods’

complexities, reproducibilities, and costs for routine

clinical use.

Recently, we developed a new glyco-marker for liver

fibrosis using the glycan sugar chain-based immunoassay.

The FastLec-Hepa system was used to determine the serum

values of sweet-doughnut hyperglycosylated Wisteria flori-

bunda agglutinin-positive Mac-2 binding protein (WFA?-

M2BP) for the assessment of liver fibrosis [27–29]. Toshima

et al. [30] and Yamasaki et al. [31] reported that this assay

offered a feasible means of assessing liver fibrosis in patients

with CLD due to the hepatitis C virus (HCV). However, the

progressive patterns of fibrosis may differ for CLD due to

HCV and CLD due to NAFLD. Indeed, liver specimens from

NAFLD patients show pericellular fibrosis around the cen-

tral vein in the early stages, with gradual progression to

fibrosis when central veins become connected to surrounding

lobules. In contrast, central vein involvement in patients with

CLD due to HCV is generally preceded by portal tract

damage with pathological changes to the portal vein.

We investigated the clinical usefulness of serum WFA?-

M2BP values in patients with well-characterized NAFLD.

First, we confirmed the efficacy of serum WFA?-M2BP

values for assessing the stage of fibrosis. Second, we

compared the diagnostic performances of serum WFA?-

M2BP and other non-invasive fibrosis markers and tests

that are used to estimate the stage of liver fibrosis.

Methods

Patients

We retrospectively reviewed 325 NAFLD patients who

underwent liver biopsy at Ehime University Hospital (Ehime,

Japan), Ikeda Municipal Hospital (Osaka, Japan), Kawasaki

Medical School Hospital (Okayama, Japan), or Sapporo Kosei

General Hospital (Hokkaido, Japan). The exclusion criteria

were as follows: a history of other liver diseases, including

hepatitis B virus or HCV infection; administration of drugs

that influence the activity of the disease, such as tamoxifen or a

glucocorticoid; or a history of alcohol abuse (defined

as C20 g of alcohol daily). Written informed consent was

obtained from all patients who participated. The study pro-

tocol conformed to the ethical guidelines of the 1975 Decla-

ration of Helsinki, as reflected by each institutional review

committee’s a priori approval of this study.

Histological evaluation

Each NAFLD patient received a liver biopsy under lapa-

roscopy or ultrasonography between July 2003 and Sep-

tember 2013. The biopsied liver samples were fixed in

formalin and were embedded in paraffin according to the

standard procedure at each institution. Slices (4 lm thick)

were stained with hematoxylin and eosin (H&E), Azan-

Mallory, silver, and Elastica van Gieson at Keio Univer-

sity. Liver samples\15 mm long were excluded, because

the detection of liver fibrosis may be affected by sampling

errors with such samples. A minimum of six portal tracts in

the specimen was required for diagnosis. All liver samples

were independently evaluated by three experienced liver-

specialized pathologists (M.S., G.Y., and M.K.) who were

blinded to the clinical data, and all evaluations were vali-

dated through discussion. The liver fibrosis stages were
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assessed according to Brunt’s criteria [32]. Significant and

severe fibrosis was defined as Cstage 2 and Cstage 3,

respectively. Thirty-six patients were excluded because of

clinical and/or histological reasons; thus, 289 patients were

included in the final analysis.

Clinical and biochemical data

Relevant clinical data were recorded, including the

patient’s age, sex, weight, and height. Body mass index

(BMI) was calculated as weight (kg) divided by height

(m) squared. Venous blood samples were obtained in the

morning after overnight fasting, either immediately before

or no more than 2 months after liver biopsy. The blood

samples were stored at -80 �C until analysis.

The biochemical variables were measured using a con-

ventional automated analyzer at the respective hospitals. We

analyzed the serum levels for the following: platelet count,

prothrombin time, bilirubin, aspartate aminotransferase

(AST), alanine aminotransferase (ALT), gamma-glutamyl-

transpeptidase, albumin, cholesterol, triglyceride, fasting

plasma glucose (FPG), ferritin, and hyaluronic acid. The

AST-to-platelet ratio index (APRI) was calculated as fol-

lows: [AST (U/L)/UNL 9 100]/platelet count. In this

equation, UNL is the upper limit of the normal AST [33]. The

FIB-4 index was calculated as follows: age (years) 9 AST

(U/L)/platelet count (9109/L) 9
ffiffiffiffiffiffiffiffiffiffi

ALT
p

(U/L) [20]. The

NAFLD fibrosis score was calculated as follows: -1.675 ?

0.037 9 age (years) ? 0.094 9 BMI (kg/m2) ? 1.13 9

impaired fasting glycemia or diabetes (yes = 1; no = 0) ?

0.99 9 AST/ALT ratio - 0.013 9 platelet (9 109/L)

- 0.66 9 albumin (g/dL) [21].

Serum Wisteria floribunda agglutinin-positive Mac-2

binding protein value

The WFA?-M2BP value in sera was measured by a WFA-

antibody immunoassay using a chemiluminescence enzyme

immunoassay machine (HISCL-2000i; Sysmex, Kobe,

Japan), as previously reported [27, 28, 30, 31]. The measured

values of WFA?-M2BP using the conjugated WFA were

indexed with the obtained values using the following

equation: cutoff index (COI) = ([WFA?-M2BP]sample -

[WFA?-M2BP]NC) 7 ([WFA?-M2BP]PC) - [WFA?-

M2BP]NC). In this equation, [WFA?-M2BP]X denotes the

[WFA ? -M2BP] count of the serum sample (X = sample),

positive control (X = PC), or negative control (X = NC).

Statistical analysis

Quantitative values are presented as mean ± standard

deviation, unless otherwise noted. The Steel–Dwass test

was used for multiple comparisons of continuous vari-

ables among the different groups. Univariate and multi-

variate analyses were performed using a logistic

regression model. Each cutoff value was determined from

the receiver operating characteristic (ROC) curve analy-

ses. The diagnostic performances of the markers were

expressed as the diagnostic specificity, sensitivity, posi-

tive predictive value, negative predictive value, and area

under the ROC (AUROC) curve. p values\0.05 were

considered statistically significant. All statistical analyses

were performed using JMP, version 11 software (SAS

Institute, Tokyo, Japan).

Results

Cross-sectional association between Wisteria

floribunda agglutinin-positive Mac-2 binding protein

values and the fibrosis stage

The patients’ characteristics are summarized in Table 1.

The mean age of the 289 patients (159 men and 130

women) was 54.8 ± 14.6 years old. Figure 1 shows the

serum WFA?-M2BP values for each fibrosis stage. The

serum WFA?-M2BP values measured by glycan-based

immunoassay ranged from 0.12 to 11.06 (COI). The

Table 1 Patients’ clinical characteristics and laboratory data

Features Total (n = 289)

Male/female 159/130

Age (years) 54.8 ± 14.6

Body mass index (kg/m2) 27.6 ± 4.7

Platelet count (109/l) 18.9 ± 6.8

Prothrombin time (%) 99.3 ± 16.7

Bilirubin (mg/dl) 0.97 ± 0.6

AST (U/l) 61.4 ± 48.9

ALT (U/l) 85.5 ± 68.9

GGT (U/l) 92.3 ± 89.9

Albumin (g/dl) 4.2 ± 0.4

Cholesterol (mg/dl) 195.4 ± 41.1

Triglyceride (mg/dl) 144.4 ± 77.2

FPG (mg/dl) 115.2 ± 38.4

Ferritin (ng/ml) 261.2 ± 258.5

WFA?-M2BP (COI) 1.26 ± 1.44

Fibrosis stage (0/1/2/3/4) 35/113/49/41/51

Values are expressed as mean ± standard deviation

AST aspartate aminotransferase, ALT alanine aminotransferase, COI

cutoff index, GGT gamma-glutamyl transpeptidase, FPG fasting

plasma glucose, WFA?-M2BP Wisteria floribunda agglutinin-posi-

tive Mac-2 binding protein
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WFA?-M2BP value in patients with stages 0 (n = 35), 1

(n = 113), 2 (n = 49), 3 (n = 41), and 4 (n = 51) of

fibrosis had COIs of 0.57, 0.70, 1.02, 1.57, and 2.96,

respectively, demonstrating a stepwise increase with an

increasing severity of liver fibrosis (Fig. 1). All pairs of

groups differed significantly according to the Steel–Dwass

test (stage 0 vs. stage 1, p = 0.012; stage 0 vs. stage 2,

p\ 0.001; stage 0 vs. stage 3, p\ 0.001; stage 0 vs. stage

4, p\ 0.001; stage 1 vs. stage 2, p = 0.002; stage 1 vs.

stage 3, p\ 0.001; stage 1 vs. stage 4, p\ 0.001; stage 2

vs. stage 3, p = 0.014; stage 2 vs. stage 4, p\ 0.001; and

stage 3 vs. stage 4, p = 0.008).

Comparisons of variables associated with the diagnosis

of the fibrosis stage

The variables associated with each stage of liver fibrosis

were assessed by univariate and multivariate analyses

(Tables S1, 2).

Variables associated with the presence of fibrosis

(Cstage 1)

According to univariate analysis, eight variables (age,

BMI, platelet count, prothrombin time, AST, ALT,

0

2

4

6

8

stage 0
(n=35)

stage 1
(n=113)

stage 2
(n=49)

stage 3
(n=41)

stage 4
(n=51)
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Fig. 1 The serum Wisteria

floribunda agglutinin-positive

Mac-2 binding protein (WFA?-

M2BP) values for each fibrosis

stage. The top and bottom of

each box represent the first and

third quartiles, respectively,

with the height of the box

representing the interquartile

range, covering 50 % of the

values. The line across each box

represents the median. The

whiskers show the highest and

lowest values. All pairs of

groups are significantly

different, as assessed using the

Steel–Dwass test (p\ 0.01).

COI cutoff index

Table 2 Variables associated with the fibrosis stage according to multivariate regression analyses

Stage 0 vs. stages 1–4 Stages 0–1 vs. stages 2–4 Stages 0–2 vs. stages 3–4 Stages 0–3 vs. stage 4

Odds ratio

(95 % CI)

p value Odds ratio

(95 % CI)

p value Odds ratio

(95 % CI)

p value Odds ratio

(95 % CI)

p value

Age (years) 1.049

(1.014–1.087)

0.006

BMI (kg/m2) 1.228

(1.089–1.412)

0.002

Platelet count (109/

L)

0.864

(0.787–0.941)

0.001 0.895

(0.814–0.978)

0.017

Prothrombin time

(%)

0.948

(0.914–0.982)

0.004 0.957

(0.925–0.986)

0.007 0.963

(0.927–0.993)

0.028

AST (U/l) 1.078

(1.023–1.144)

0.008 1.036

(1.022–1.052)

\0.001

FPG (mg/dl) 1.013

(1.004–1.024)

0.007 1.014

(1.004–1.024)

0.004 1.012

(1.002–1.022)

0.013

WFA?-M2BP

(COI)

5.875

(2.339–16.369)

\0.001 8.471

(3.562–22.725)

\0.001 2.390

(1.463–4.423)

0.002

CI confidence interval, BMI body mass index, AST aspartate aminotransferase, FPG fasting plasma glucose, WFA?-M2BP Wisteria floribunda

agglutinin-positive Mac-2 binding protein, COI cutoff index
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albumin, and the WFA?-M2BP value) were associated

with the presence of fibrosis (Table S1). Multivariate

analysis showed that the BMI [odds ratio (OR) 1.228, 95 %

confidence interval (CI) 1.089–1.412], prothrombin time

(OR 0.948; 95 % CI 0.914–0.982), and AST (OR 1.078;

95 % CI 1.023–1.144) were independently associated with

the presence of fibrosis (Table 2).

Variables associated with the presence of significant

fibrosis (Cstage 2)

Univariate analysis identified ten variables (sex, age,

platelet count, prothrombin time, bilirubin, AST, albumin,

cholesterol, FPG, and the WFA?-M2BP value) that were

associated with the presence of significant fibrosis (Table

S1). However, multivariate analysis showed that age (OR

1.049; 95 % CI 1.014–1.087), prothrombin time (OR

0.957; 95 % CI 0.925–0.986), AST (OR 1.036; 95 % CI

1.022–1.052), ALT (OR 1.036; 95 % CI 1.022–1.052),

FPG (OR 1.013; 95 % CI 1.004–1.024), and the WFA?-

M2BP value (OR 5.875; 95 % CI 2.339–16.369) were

independently associated with the presence of significant

fibrosis (Table 2).

Variables associated with the presence of severe fibrosis

(Cstage 3)

According to univariate analysis, ten variables (sex, age,

platelet count, prothrombin time, bilirubin, albumin,

cholesterol, triglyceride, FPG, and the WFA?-M2BP

value) were associated with the presence of severe fibrosis

(Table S1). However, multivariate analysis showed that

the platelet count (OR 0.864; 95 % CI 0.787–0.941), FPG

(OR 1.014; 95 % CI 1.004–1.024), and the WFA?-M2BP

value (OR 8.471; 95 % CI 3.562–22.725) were indepen-

dently associated with the presence of severe fibrosis

(Table 2).

Variables associated with the presence of cirrhosis

(stage 4)

Univariate analysis identified 11 variables (sex, age,

platelet count, prothrombin time, bilirubin, ALT, albumin,

cholesterol, triglyceride, FPG, and the WFA?-M2BP

value) that were associated with the presence of cirrhosis

(Table S1). Multivariate analysis identified that the platelet

count (OR 0.895; 95 % CI 0.814–0.978), prothrombin time

(OR 0.963; 95 % CI 0.927–0.993), FPG (OR 1.012; 95 %

CI 1.002–1.022), and the WFA?-M2BP value (OR 2.390;

95 % CI 1.462–4.423) were independently associated with

the presence of cirrhosis (Table 2).

Diagnostic power of the Wisteria floribunda agglutinin-

positive Mac-2 binding protein values for each fibrosis

stage

The WFA?-M2BP ROC curves for diagnosing each

fibrosis stage are presented in Fig. 2. The AUROC curve

values (95 % CI) for the prediction of Cstage 1, Cstage

2, Cstage 3, and stage 4 using the serum WFA?-M2BP

values were 0.788 (0.736–0.833), 0.838 (0.790–0.879),

0.876 (0.832–0.911), and 0.879 (0.835–0.914), respectively

(Table 3). The optimal cutoff values were 0.59 for Cstage

1, 0.90 for Cstage 2, 0.94 for Cstage 3, and 1.46 for stage

4 (Table 3). The sensitivities for the prediction of Cstage

1, Cstage 2, Cstage 3, and stage 4 were 74.8, 77.3, 85.9,

and 72.6 %, respectively; whereas, the specificities were

74.3, 81.1, 74.6, and 87.0 %, respectively (Table 3).

Comparisons of AUROC curve values for diagnosing

the fibrosis stage

The AUROC curve values for diagnosing each fibrosis

stage are shown in Table 4. Compared with the other sur-

rogate markers and scoring systems, the serum WFA?-

M2BP was the most useful marker for differentiating stages

0–2 from stages 3–4 and stages 0–3 from stage 4. The

AUROC curve values for differentiating stages 0–1 from

stages 2–4 were compatible with the serum WFA?-M2BP

(0.838), hyaluronic acid (0.833), and the FIB-4 index

(0.844).

Discussion

Clinically, it is very important to identify patients who

have NASH with advanced fibrosis, because these patients

have more liver-related complications and a greater mor-

tality rate than patients who have NASH without liver

fibrosis [4–7]. Although a liver biopsy is the gold standard

for diagnosing and assessing the stages of fibrosis, research

on noninvasive methods for assessing the fibrosis stages

have rapidly evolved over the last decade [17–26]. In this

study, we found that the serum WFA?-M2BP values

measured using a glycan-based immunoassay provided a

useful diagnostic factor for assessing the liver fibrosis stage

in NAFLD patients (Fig. 1). The glycan-based immuno-

assay was previously developed as a simple system for

automatically detecting unique fibrosis-related glycoalter-

ations [27–31]. Moreover, the accuracy of the serum

WFA?-M2BP values for diagnosing severe fibrosis and

cirrhosis was superior to that offered by other surrogate

markers and tests (Table 4).

M2BP is a secreted glycoprotein that is found in the

serum of healthy individuals, but its concentration
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increases in patients with various cancers and viral infec-

tions, including HCV [34, 35]. This protein binds galectin-

3, b-1 integrins, collagens, and fibronectin and has some

relevance to cell–cell and cell–extracellular matrix adhe-

sion [36, 37]. Therefore, it is reasonable to assume that

M2BP reflects the progression of fibrosis in cases of CLD.

Indeed, using proteome analysis, Cheung et al. [38] found

that serum M2BP is a potential marker of fibrosis pro-

gression in HCV patients.

In this study, we found that the serum WFA?-M2BP

value can be used to distinguish the fibrosis stages in

NAFLD patients (Fig. 1; Tables S1, 2, 3). Recently, Ka-

mada et al. [39] reported that the serum M2BP value (the

whole M2BP protein measured by enzyme-linked immu-

nosorbent assay) can be used for predicting the fibrosis

stage in NAFLD patients. However, there are several dif-

ferences between the present study and Kamada et al.’s

study. In our study, the serum WFA?-M2BP value (the

altered M2BP with fibrosis-related N-glycans measured by

glycan-based immunoassay) increased stepwise with the

increasing severity of liver fibrosis, whereas a stepwise

increase was not found in Kamada et al.’s study. Further,

our method can distinguish between the fibrosis stages

more clearly, not only in patients with advanced fibrosis

stage but also in those with earlier fibrosis stages of NA-

FLD (Fig. 1). In our previous study [27], we found that

both the quantity and quality of M2BP were altered during

the progression of fibrosis of CLD due to HCV. Since the

N-glycosylation of M2BP was dramatically altered during

the progression of liver fibrosis, we considered that the
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Fig. 2 The diagnostic capabilities of the serum Wisteria floribunda

agglutinin-positive Mac-2 binding protein (WFA?-M2BP) values for

assessing the stage of liver fibrosis. The areas under the receiver

operating characteristic curve of serum WFA?-M2BP for diagnosing

liver fibrosis were as follows: a 0.788 for stage C1; b 0.838 for

stage C2; c 0.876 for stage C3; and d 0.879 for stage 4

J Gastroenterol (2015) 50:776–784 781

123



WFA?-M2BP reflects the fibrosis status more precisely

than the whole M2BP protein. Further, the quantification of

the WFA?-M2BP may offer a better marker for assessing

the liver fibrosis stage than does the quantification of the

M2BP protein. Currently, the N-glycan structures of

WFA--M2BP and WFA?-M2BP are being analyzed using

mass spectrometry in our laboratory. Moreover, our system

has been converted to a fully automated immunoassay

analyzer for clinical use, featuring a measurement time of

only 17 min, which has clear practical implications [27, 28,

30, 31].

Numerous non-invasive panels of the tests have been

developed to assess the liver fibrosis stages [17–26]. In this

study, the serum WFA?-M2BP values offered a superior

AUROC curve for the diagnosis of severe fibrosis and

cirrhosis compared with the FIB-4 index and five other

markers and scoring systems (Table 4). In a study of a

large Japanese cohort, the FIB-4 index was the most useful

index for diagnosing patients with advanced fibrosis [40].

Although the American Association for the Study Liver

Diseases’ guidelines [3] recommend the NAFLD fibrosis

score [21] when deciding whether to perform a liver

biopsy, the usefulness of this score remains questionable in

Asian patients [40, 41]. Consistent with these studies, the

NAFLD fibrosis score yielded lower AUROCs than the

WFA?-M2BP values and the FIB-4 index for diagnosing

fibrosis in our cohort (Table 4).

There are two main strengths of the present study’s

cohort. First, the sample size (n = 289) was relatively

large, and the patients’ clinical backgrounds were well

characterized. Second, the pathological diagnoses were

performed and validated by three experienced liver-spe-

cific pathologists. Currently, the definitive diagnosis of

NAFLD and the distinction of its phenotypes rely on the

pathologist’s interpretation of the liver biopsy [8]; there-

fore, an accurate and reproducible consensus regarding

the pathological findings is necessary for diagnosing

NAFLD. However, in practice, the interpretation of NA-

FLD’s histology varies substantially. In this study, we

excluded patients whose liver samples were inadequate

for histological evaluation (e.g., because of insufficient

sample size). Moreover, the considerable rate of inter-

observer variation is one of the major problems in the

histological diagnosis of NAFLD [13–17]. Our strategy

mainly focused on reducing this variation, and our study

may provide a reliable cohort for identifying surrogate

markers and for investigating the management of NAFLD

patients.

This study also has several limitations. First, we inves-

tigated the usefulness of the serum WFA?-M2BP values in

a cross-sectional study. Therefore, the use of the serum

WFA?-M2BP values for monitoring natural history, pre-

dicting outcomes, and predicting responses to therapeutic

interventions remain unknown. In fact, the prevalence of

NAFLD is high among individuals with diabetes or dysli-

pidemia [1–3], and some patients have already managed

their condition through lifestyle interventions and/or med-

ication at the time of liver biopsy. Further prospective

studies are necessary to address these issues. In addition,

since the biochemical analyses were performed separately

at the respective hospitals, any variations among each

institution cannot be ruled out. Moreover, several selection

Table 3 Serum Wisteria floribunda agglutinin-positive Mac-2 binding protein values for assessing liver fibrosis

Stage AUC (95 % CI) Cutoff level Sensitivity (%) Specificity (%) PPV (%) NPV (%) Predictive accuracy (%)

CStage 1 0.788

(0.736–0.833)

0.59 74.8 74.3 95.5 28.9 74.7

CStage 2 0.838

(0.790–0.879)

0.90 77.3 81.1 79.6 78.9 79.2

CStage 3 0.876

(0.832–0.911)

0.94 85.9 74.6 61.2 91.9 78.2

Stage 4 0.879

(0.835–0.914)

1.46 72.6 87.0 54.4 93.7 84.4

AUC area under receiver operating characteristic curve, CI confidence interval, PPV positive predictive value, NPV negative predictive value

Table 4 Comparisons of the areas under the receiver operating

characteristic curves for each fibrosis marker and scoring system

Marker and score CStage 1 CStage 2 CStage 3 Stage 4

WFA?-M2BP 0.788 0.838 0.876 0.879

Platelet count 0.649 0.719 0.810 0.815

Hyaluronic acid 0.757 0.833 0.856 0.858

AST/ALT ratio 0.607 0.733 0.770 0.752

APRI 0.867 0.804 0.758 0.745

FIB-4 index 0.793 0.844 0.857 0.849

NAFLD fibrosis score 0.766 0.811 0.808 0.824

WFA?-M2BP Wisteria floribunda agglutinin-positive Mac-2 binding

protein, AST aspartate aminotransferase, ALT alanine aminotransfer-

ase, APRI AST-to-platelet ratio index, NAFLD non-alcoholic fatty

liver disease
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biases may be present, because all the patients had been

diagnosed and had received liver biopsies at hepatology

centers, which may have caused referral bias. Therefore,

validation studies are necessary in the general population.

In conclusion, the measurement of the serum WFA?-

M2BP values using a glycan-based immunoassay provides

an accurate and reliable method for assessing the liver

fibrosis stage in NAFLD patients. This method appears

quite promising as a means for evaluating the natural

course of the disease, therapeutic effects, and the suitability

of liver biopsies.
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